Matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-ToF MS) was carried out on a Bruker Daltonics Ultraflex MALDI ToF/ToF Mass Spectrometer. For MALDI sample preparation, a 1 μL aliquot of sample was combined with 1 μL of matrix consisting of saturated α-cyano-4-hydroxy-cinnamic acid matrix in 50% ACN/50% water with 0.1% TFA, and the total volume was spotted onto a MALDI target and dried under ambient conditions prior to MS analysis. Both MALDI and ESI methods were used for MS/MS analysis. MALDI MS/MS analyses were performed on Bruker Daltonics Ultraflex MALDI ToF/ToF Mass Spectrometer, and ESI MS/MS analyses were performed on a Synapt ESI quadrupole ToF Mass Spectrometry System (Waters) equipped with an Acquity Ultra Performance Liquid Chromatography (UPLC) system (Waters).
Two pairs of PCR using overlapping primers (ProcAt.1-1-for and ProcAt.1-1-rev; ProcAt.1-2-for and ProcAt.1-2-rev, Supporting Table 2 ) were performed. The resulting two fragments were purified by agarose gel electrophoresis, respectively, and added together in a 1:1 molar ratio for another round of PCR. After eight cycles of extension, primers ProcAt.1-for-EcoRI and ProcAt.1-rev-NotI were added to the mixture and the PCR reaction was run for 30 cycles. The PCR products were digested with restriction enzymes EcoRI and NotI, recovered by agarose gel electrophoresis, and ligated into multi-cloning site 1 (MCS1) of pProcM-RSFDuet-1 containing the ProcM gene at the multi-cloning site 2 (MCS2) to give pProcAt.1-ProcM-RSFDuet-1.
Construction of pRSFDuet-1 derivatives for expression of ProcA with truncated leader peptides
The pRSFDuet-1 vector was used for coexpression of hexa-histidine tagged ProcA variants and untagged ProcM enzyme. Multi-cloning site 1 (MCS1) of pRSFDuet-1 was used for expression of hexa-histidine tagged ProcA fusions, and multi-cloning site 2 (MCS2) was used for production of ProcM. A pET15b-derived plasmid containing procA2.8 was used as template for PCR amplification of ProcA2.8 variants with truncated leader. PCR primers (Supporting Table 2 ) were designed with an EcoRI and a NotI restriction site in the 5'-and 3'-ends of procA variant genes. The PCR amplified products were digested with EcoRI and NotI, purified using a Qiagen PCR purification kit, and inserted into the MCS1 site of pProcM-pRSFDuet-1. For the control construct, the corresponding coexpression vector was digested by XhoI to remove most of the procM sequence. The resulting pRSFDuet-1 derivative fragment was re-ligated using T4 DNA ligase. Chemically competent E. coli DH5α cells were transformed with each ligation mixture and plated on LB-agar containing kanamycin (50 μg mL -1 ) to screen for positive clones. Clones were confirmed by DNA sequencing at the UIUC Core Sequencing Facility.
Construction of pRSFDuet-1 derivatives for expression of ProcA4.1 with ProcM
The procA4.1TEV gene was generated using nested PCR with plasmid S4 ProcA4.1/pET15b constructed previously 4 as the template. Two pairs of PCR using overlapping primers (ProcA4.1-EcoRI-for and ProcA4.1-TEV-rev; ProcA4.1-TEV-for and ProcA4.1-NotI-rev, Supporting Table 2 ) were performed. The resulting two fragments were purified by agarose gel electrophoresis, and added together in a 1:1 molar ratio for another round of PCR. After eight cycles of extension, primers
ProcA4.1-for-EcoRI and ProcA4.1-rev-NotI were added to the mixture and the PCR reaction was run for 30 cycles. The PCR products were digested with restriction enzymes EcoRI and NotI, recovered by agarose gel electrophoresis, and ligated into multi-cloning site 1 (MCS1) of pProcM-RSFDuet-1 vector containing the gene encoding ProcM at multi-cloning site 2 (MCS2). In this way, the residues GLAGG at the C-terminus of the ProcA4.1 leader peptide were replaced with NLYFQ, generating the ENLYFQ cleavage site recognized by TEV protease.
Construction of pRSFDuet-1 derivatives for expression of CyanAs
Cyanothece PCC 7425 was grown in BG-11 medium with a 12 h light/12 h dark cycle. BG-11 medium was prepared from five stock solutions (Stock solution 1: 
Construction of pRSFDuet-1 derivatives for expression of NpnAs
Synthetic npnM and npnA genes whose codons were optimized for E. coli were ordered from GeneArt and Integrated DNA Technologies (IDT), respectively. npnAs and npnMs were amplified by PCR using the corresponding primer pairs listed in Supporting Table 2 . npnAs were inserted using the AscI/NotI restriction sites of pRSFDuet-1 MCS1 and npnMs were inserted between the NdeI/XhoI restriction sites of pRSFDuet-1 MCS2. 
Overexpression and purification of modified

